strate any characteristic features of an AVM. The appearance on computerized tomography (CT) was that of a mass of increased density, usually showing slight diffuse enhancement with contrast administration. In each case, the clinical presentation and radiographic studies suggested a low-grade glioma, emphasizing the importance of surgical exploration for accurate diagnosis and treatment of localized highattenuation lesions of an uncertain nature. A review of the literature is presented. The reasons why angiography may fail to demonstrate an AVM, and some possible etiologies for the spontaneous thrombosis of an AVM are discussed.
Case Reports

Case 1
This 25-year-old right-handed man presented with a 2-month history of frequent psychomotor seizures and one grand real seizure precipitated by hyperventilation. The neurological examination was normal. dysrhythmia in the left temporal lobe, but no epileptiform discharges. Plain skull films were normal. The CT scan (Fig. 1 ) demonstrated an irregular lesion of slightly increased density in the medial aspect of the posterior temporo-occipital region, which enhanced slightly with contrast administration. The lesion produced slight displacement of the tentorium on the coronal views but no other mass effect. Angiography demonstrated a 2-cm lesion in the inferomedial portion of the left temporo-occipital lobe; this had a peripheral tumor blush evident only on the anteroposterior vertebral series, and had no mass effect, malignant neovascularity, or arteriovenous shunting. The preoperative diagnosis was a low-grade glioma. Surgical exploration revealed a firm mulberryshaped thrombosed AVM, and total removal was performed. Postoperatively, there were no complications; neurological examination demonstrated a right incomplete homonymous hemianopsia and a mild dyslexia which is improving. The patient has been seizure-free for 7 months, and is maintained on anticonvulsant medication.
Case 2
This 15-year-old right-handed boy presented with a 6-year history of focal sensorimotor seizures, involving the right lower extremity, which were refractory to medication. In addition, he had occasional grand mal seizures. The neurological examination was normal. Multiple EEG's demonstrated sleep activation of a left central spike focus on one recording. Plain skull films were normal. The CT scan (Fig. 2 ) demonstrated a small, partially calcified, left parasagittal mass near the vertex. Angiography showed the mass to be avascular. The preoperative diagnosis was low-grade glioma.
At surgery, a 2.5-cm mulberry-shaped thrombosed AVM with a surrounding border of degenerating glial tissue with abundant hemosiderin pigmentation was resected. Postoperatively there were no complications, and the patient has been seizure-free for 17 months. His neurological examination is normal.
Case 3
This 29-year-old right-handed man presented with an 18-month history of daily uncinate seizures, and personality change including episodes of rage and visual hallucinations. Medical therapy had not altered the clinical problem. The neurological examination was normal. The EEG revealed only a mild, diffuse, nonspecific abnormality most prominent in the temporal regions, with no epileptiform discharges. Plain skull films were normal. A C T scan series performed 1 year previously both with and without contrast administration was normal, but repeat CT scanning with the addition of contrast material (Fig. 3 ) demonstrated a well circumscribed 12-mm area of contrast enhancement in the medial right temporal lobe. Right carotid and vertebral angiograms showed no abnormality. These findings were thought to be most consistent with a glioma. At surgery, cortical and depth electrode EEG recordings demonstrated epileptiform activity confined to a midtemporal depth electrode. A 6-cm right temporal lobectomy was performed, revealing a 2-cm mass containing blood clot with surrounding hemosiderin-laden brain in the posteromedial aspect of the lobectomy. This mass was totally removed and proved to be a thrombosed AVM with gliosis of the adjacent cortical tissue. Postoperativly, there were no complications and the neurological examination is normal except for a left superior quadrantic homonymous hemianopsia. Approximately 2 months after surgery, the patient was hospitalized because of frequent visual hallucinations and personality changes, but no gross convulsive seizures. Subsequent CT scanning with contrast injection revealed only postoperative changes, and confirmed complete removal of the previous lesion; an EEG showed no epileptiform activity. At follow-up examination 4 months after surgery, he continues to have daily visual hallucinations.
Case 4
This 42-year-old right-handed woman presented with a 5-year history of uncinate seizures and one grand mal seizure. The neurological examination was normal. Plain skull films and EEG recordings were normal. The CT scan demonstrated a 1.5-cm mass containing flecks of calcium at the medial aspect of the right temporal lobe; the mass enhanced slightly with contrast administration. Angiography was normal. A low-grade glioma was suspected.
At surgery, an incision was made in the middle temporal gyrus down to an area of hemosiderin-laden brain containing a greenish, tangled, partially calcified mass. A 4-cm temporal lobectomy was performed, with removal of a 1.5-cm thrombosed AVM from the anteromedial aspect of the right temporal lobe. Postoperatively, there were no complications and the patient has been free of seizures for 7 months.
Case 5
This 43-year-old right-handed man presented with a 3-year history of complex partial seizures and occasional generalized seizures intractable to medical therapy. The neurological examination was normal. The EEG recordings revealed an epileptiform focus in the left temporal lobe. Skull films were normal. The CT scan demonstrated a lesion of increased density in the left temporal lobe showing some enhancement with contrast material; angiography was normal. The preoperative diagnosis was a glioma.
At surgery, the middle temporal gyrus appeared widened and the cortical veins appeared to be increased in size. A 5-cm temporal lobectomy was performed and a thick fibrous mass with evidence of old hemorrhage was removed from the midportion of the temporal lobe. Pathological evaluation revealed a thrombosed AVM with hemorrhage into the surrounding tissue. The postoperative course was uncomplicated, and, except for one seizure on the night of surgery, the patient has remained seizure-free for 4 months. The neurological examination is normal except for a minimal right superior quadrantanopsia.
Case 6
This 2 l-year-old right-handed man presented with an 8-year history of temporal lobe seizures. In addition, he had frequent right-sided throbbing headaches. The neurological examination was normal. Skull films and EEG recordings were normal. The CT scan demonstrated a mass with increased density in the posterior portion of the third ventricle anterior to the pineal body, causing some obstruction of the third ventricle. It did not enhance with contrast material. Angiography revealed enlargement and separation of the posterior thalamoperforating arteries, which ended in small irregular channels. These findings were strongly suggestive of a glioma, and radiation therapy without surgical exploration was considered.
Surgical exploration was performed, however, and in the posterior third ventricle a mass of thickened yellow brain tissue and nodular, black, partially calcified tissue suggestive of thrombosed vessels was found. Biopsy demonstrated a thrombosed AVM, with the surrounding brain containing moderate amounts of hemosiderin. The patient did well postoperatively until he developed acute increased intracranial pressure 1 month later, requiring a right ventriculoperitoneal shunt. He subsequently has required four shunt revisions and had one episode of Staphylococcus epidermidis meningitis. A C T scan 3 years later demonstrated no change in the appearance of the residual thrombosed AVM, which enhanced slightly with contrast material. There have been no seizures since surgery.
Case 7
This 38-year-old right-handed woman presented with a 2-year history of left facial focal motor seizures which had become intractable to medical therapy. The neurological examination was normal; EEG recordings revealed a right centroparietal epileptiform focus. Plain skull films were normal. The CT scan demonstrated a nonenhancing area of increased attenuation in the right frontal region. Angiography was normal. Although the nature of the lesion was indefinite, the preoperative diagnosis was a low-grade glioma.
Right frontal craniotomy revealed a 2-cm nodular mass lesion which appeared blue and was firm and well encapsulated. Pathological evaluation demonstrated a thrombosed AVM, with evidence of hemosiderin deposition in the surrounding tissue. Postoperatively, there were no complications and, except for the occurrence of seizures following attempts to withdraw medication on two occasions, the patient has been free of seizures for 40 months.
Pathological Findings
Gross and microscopic examination of all seven specimens was performed. Gross evidence of previous hemorrhage was found in all but one case.
Numerous microsections, stained by hematoxylin and eosin and by elastica van Gieson methods, were examined in each case. The abnormal vascular channels consisted of arteries, arterialized veins, and veins (Fig. 4) . Nondescript fibrous-walled vessels containing little elastic tissue were identified in all cases; such structures were not identifiable either as arteries or veins. Thrombosis with associated recanalization was commonly seen, as was extravascular hemosiderin deposition. Cerebral tissue was interspersed between vessels, and showed extensive degeneration and ischemic changes. The features of cavernous angioma and telangiectasis were not seen. Table 1 ). In addition, there are three reported cases of a thrombosed venous angioma, 21,41,44 and four cases of thrombosed cavernous angiomas 18,21,33 with similar presentations. The thrombosed AVM's presented as seizures in 72% of the cases, headaches in 16%, hemiparesis in 6%, and ataxia in 3% ( Table 2 ). The most common location is the temporal lobe (47% of cases), followed by the frontal lobe (28%), parietal lobe (19%), ventricles (3%), and cerebellum (3%) ( Table 3 ). There were 15 females and eight males ranging in age from 4 to 60 years; in nine cases these data were not given. Thus, the most common presentation of a thrombosed AVM in this series is as a temporal lobe lesion producing complex partial epilepsy, with females outnumbering males by nearly 2:1. Of the seven cases Fro. 4. Photomicrograph demonstrating the typical microscopic features of an arteriovenous malformation. The well formed arteries show transition to nondescript fibrouswailed channels. Cerebral parenchyma is evident among the vessels. Elastica van Gieson, • 100.
Discussion
reported here (Table 4) , five presented with temporal lobe seizures and two with focal seizures. Four of the lesions were in the temporal lobe, one in the parietal lobe, one in the frontal lobe, and one in the third ventricle. It is interesting, however, that five of our patients were men.
The appearance of calcifications on plain skull films is uncommon. Skull films have been reported in 19 previous cases, of which three (16%) demonstrated calcification (multinodular calcification of a right lateral ventricular lesion, and punctate calcifications of a left temporal lesion and of a right temporal lesion). All seven cases presented here had normal skull x-ray films. The presence of abnormal calcifications on plain films has been reported in 15% to 29.5% of cases in various series of AVM's. 14,16,35 The calcifications are usually faint and consist of punctate densities in either a curvilinear or a nodular form. 13 Calcifications not demonstrated by plain films may be evident on the CT scan due to its greater sensitivity. This occurred in two of our cases (Cases 2 and 4) .
Angiography failed to demonstrate the character- istic features of an AVM, but did reveal the presence of an avascular mass in 13 (41%) of the 32 cases reported previously and in three of the seven cases presented here. Although some authors have described the presence of large patent vessels at surgery in cases with negative angiograms, 21,41 only in Case 3 did we find any patent abnormal vessels.
Several explanations have been proposed for the failure of angiography to demonstrate a vascular malformation. Crawford and Russell, 6 in 1956, were the first to report two cases of AVM's which appeared as avascular masses on angiography after presenting symptoms of spontaneous intracerebral hemorrhage; they attributed this angiographic appearance to the small size of the angioma. Several authors 21,29,42 have since emphasized that some malformations are not visualized because of their small size. Certain technical considerations have been emphasized, 2,6,9 includ- 42 stated that stagnant or slow flow in an angioma can lead to varying degrees of thrombosis in the lesion. Dyck s proposed that intravascular turbulence due to increased elongation and tortuosity of the lesion contributed to the spontaneous thrombosis of an AVM in his case of a 4-year-old girl, and that subsequent propagation of the thrombus resulted in the spontaneous occlusion of the entire AVM. Shuey, et a/., 41 noting the predominance of hormonally active females in their series of 14 cases of cryptic cerebrovascular malformations, conjectured that spontaneous thrombosis may be initiated by a hypercoagulable state.
In six of our seven cases, there was histopathological evidence that the malformation had subclinically bled in the past and apparently had proceeded to undergo various degrees of thrombosis, fibrosis, and calcification. Only in Case 1, a 25-year-old man, was there no evidence of previous hemorrhage, and in this case hemodynamic factors as suggested by Dyck 8 and Terao, et al., 42 may have been responsible for the spontaneous thrombosis of the AVM.
The characteristic appearance of a thrombosed AVM on CT scanning has been described previously by different authors, 12,2~
and consists of a mass of increased density which enhances slightly with contrast administration. Of the 24 reported cases of thrombosed AVM's demonstrated by CT scans (Table  1) , all but two had this characteristic appearance. 2,2~ Each of our cases had this typical CT appearance except for Cases 6 and 7, in which the preoperative scans did not enhance. Golden and Kramer 12 suggested that enhancement of these lesions with contrast material results from both extravasation due to the altered blood-brain barrier, and opacification of vascular channels which, although not apparent angiographically, are demonstrated by CT scanning due to the greater contrast resolution of the technique. If thrombosis of the AVM were extensive enough, it is conceivable that vascular channels would not opacify and hence no enhancement would be observed? ,2~
The difficulty of recognizing this type of lesion is shown by the fact that the preoperative diagnosis in our cases was uniformly incorrect: the clinical presentation and radiographic studies in each case strongly suggested a low-grade glioma. The possibility of a thrombosed AVM must be considered when one is confronted with the clinical history and radiographic findings presented here, in order to avoid subjecting patients to unnecessary radiation in the false assumption that a neoplasm is present. Surgical exploration is the only way to discover this uncommon but benign lesion.
